A 32-year-old male developed recurrent ventricular tachycardia after taking mega doses of loperamide and famotidine in order to experience an opiate-like euphoric effect. He was taking up to 200 mg of loperamide and multiple doses of famotidine each day. He developed palpitations and syncope. Electrocardiography demonstrated ventricular tachycardia and QT interval prolongation (corrected QT interval was 597 ms). He was diagnosed with loperamide-induced QT prolongation resulting in incessant ventricular tachycardia. Loperamide was discontinued, and he was treated with electrolyte replacement, supportive care, and monitoring. After 5 days, his electrocardiogram (ECG) normalized and he had no more ventricular tachycardia. A Naranjo assessment score of 8 was obtained, indicating a probable relationship between QT prolongation and his use of loperamide. Large doses of loperamide can cause QT interval prolongation and lifethreatening arrhythmias. These effects may be accentuated when histamine-2 receptor blockers are also abused.
Introduction
Loperamide and famotidine are widely available over-thecounter medications. Loperamide is an effective anti-diarrheal agent. It is a synthetic opiate that affects mu-opiate receptors in the gastrointestinal tract to slow intestinal peristalsis and increase rectal tone [1] . At therapeutic doses loperamide does not cross the blood-brain barrier and thus typically does not cause central nervous system effects, including the euphoric effect associated with centrally acting opiates. Recently, there have been several reports of loperamide toxicity from ingestion of supra-therapeutic doses to obtain an opiate-induced euphoric effect [2, 3] .
In 2016, the United States Food and Drug Administration issued a black box warning regarding serious adverse cardiac effects of loperamide [4] . Loperamide is metabolized by cytochrome P450 3A4 (CYP3A4). Famotidine is a histamine-2 receptor antagonist that, unlike other similar drugs (such as cimetidine), has not demonstrated CYP3A4 & Timothy R. Larsen Tlarsen17@gmail.com inhabitation at therapeutic doses. It is possible that at supra-therapeutic doses, famotidine does inhibit CYP3A4 (like cimetidine). This inhibition would cause an increase in loperamide serum levels. Herein, we report a case of recurrent ventricular tachycardia (VT) in a patient taking large recreational doses of both loperamide and famotidine.
Case
A 32-year-old male presented with severe palpitations and syncope. He had a history of prior alcohol, opiate, and methamphetamine abuse, but otherwise no known medical conditions. He admitted to taking, over the prior 10 days, up to 200 mg daily of loperamide (maximum recommended dosage 16 mg per day) and multiple doses of famotidine daily (estimated up to 500 mg per day). Both medications were obtained over the counter. He did not take any other medications, supplements, or recreational substances.
His initial vital signs were as follows: blood pressure 121/76 mmHg; pulse 62 beats/min; temperature 98 F; and oxygen saturation 97%, breathing ambient air. He appeared disheveled, but otherwise had no abnormal physical exam findings. His presenting electrocardiogram (ECG) showed sinus tachycardia at 101 beats/min, first-degree atrioventricular (AV) block, nonspecific intraventricular conduction delay, and prolonged QT interval ( Fig. 1 ). Serum electrolytes, blood counts, cardiac troponin (I), renal, liver, and thyroid function were normal. Transthoracic echocardiogram showed normal chamber size and function and normal valves.
Shortly after admission, he had recurrent symptoms (syncope preceded by palpitations) that occurred during sustained monomorphic VT (Fig. 2) . VT terminated spontaneously. Loperamide and famotidine were discontinued, and he was treated with intravenous magnesium and supportive care. During hospitalization, he had frequent multifocal premature ventricular complexes and runs of both monomorphic and polymorphic VT. After 5 days, his PR interval, QRS duration, and QT interval normalized and VT resolved. He was discharged and strongly encouraged to abstain from recreational drug use. At 6 months followup, he had maintained abstinence from recreational drugs and his ECG continued to be normal ( Fig. 3 ).
Discussion
The findings of incessant VT along with transient ECG abnormalities (first-degree AV block, nonspecific intraventricular conduction delay, and QT prolongation) in a recreational drug user strongly suggest drug toxicity. In this case, the Naranjo assessment score was 8, indicating a probable relationship between QT prolongation and his use of loperamide. Typical symptoms of loperamide overdose are similar to opiate overdose, including central nervous system depression, respiratory depression, and constipation (paralytic ileus). The exact mechanism of loperamide-induced cardiotoxicity is unknown, but it is likely related to alterations in cardiac ion currents and action potential duration (reflected on the ECG as increased QRS duration and QT interval prolongation). QT interval prolongation has been reported with massive loperamide overdose [5] .
There is some evidence that loperamide affects L-type calcium channels (I CaL ) as well as potassium channels-the delayed inward rectifier potassium current (I Kr ) [6] . Block of these channels results in increased action potential duration and causes QT prolongation (class III and IV antiarrhythmic drug effect). Additionally, QRS widening suggests that loperamide may affect cardiac sodium channels. Blockade of these channels slows action potential upstroke (class I effect), which is responsible for increased QRS duration. A unique aspect of our case is that our patient experienced both sustained monomorphic VT and polymorphic VT. Polymorphic VT is likely due to the QT interval prolonging effect. Monomorphic VT, on the other hand, is not typically due to QT prolongation. The monomorphic VT, in this case, may be a result of drug effect on other cardiac ion channels (possibly sodium channels).
Loperamide undergoes significant first pass metabolism by cytochrome CYP3A4 [7] . High concomitant doses of famotidine may inhibit CYP3A4 (this effect has been demonstrated for other histamine-2 receptor antagonistsparticularly cimetidine) [8] [9] [10] . Under these circumstances, the combined effect would be increased serum loperamide levels and enhanced loperamide effects.
Treatment, as with most intoxications, involves discontinuation of the offending agent(s) and supportive care until the toxins are metabolized and cleared from circulation. Naloxone (a competitive inhibitor of central nervous system mu-opioid receptors) is useful for the treatment of the central nervous system effects of loperamide overdose [11] . Naloxone is unlikely to reverse cardiotoxic effects as these are likely mediated by alterations in cardiac ion channel activity (as opposed to an effect of opiate receptor activation). There is no specific antidote for the cardiotoxic effects of loperamide overdose. The loperamide prescribing information claims that activated charcoal can reduce absorption by up to ninefold, and thus should be given in acute overdose. Supportive care includes electrolyte replacement (particularly potassium and magnesium), heart rate support (isoproterenol or temporary overdrive pacing) for bradycardia sensitive polymorphic VT, avoidance of other QT prolonging agents and defibrillation.
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